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�    Concentrate on polarized beam experiments



“  Sometimes it is necessary to repeat what we know.

All mapmakers should place the Mississippi at the same

location, and avoid originality” --  Saul Bellow

For comprehensive reviews, see

�Adelberger and Haxton, Ann. Rev. Nucl. Part. Sci.  35, 501 (1985)

�Haeberli and Holstein, in “  Symmetries and Fundamental   
Interactions in Nuclei '', (1995)          (nucl-th/951062)



�� e���� � e

n� p�e��� e �� p�e��� e

K�
��

�
�
�

p p� p p

Weak Interaction Examples:

Leptonic

Semi - Leptonic

Hadronic

Hadronic

Dominated by strong NN force

Use Parity to isolate weak part 

PV in NN interaction is only experimental signature of
purely hadronic weak interaction

pp and np experiments avoid many body and nuclear
complications



�  Simultaneous reflection of all space coordinates through the origin

�  Equivalent to reflection plus 180o rotation 

�  If we assume rotational invariance it is a mirror reflection 

The Parity Operation:



Parity operation plus 180 rotation:



parity violation experiments involve
 SPIN

pp experiment:



target

target

p

p

detector

detector detector

detector

SCATTERING
(low energies)

TRANSMISSION
(intermediate
and high energies)

Typically use current mode, not counting:

1
N
�10�8

N�1016 107If then 32 years at s-1

Types of pp Experiments



Summary of pp Experiments

lab                  technical details            result (10-7)        where reported

Los Alamos
15 MeV

scattering
3 atm x 38 cm hydrogen
4 liquid scintillators

scattering
6.9 atm hydrogen
4 plastic scintillators

1974
 Phys Rev Lett

1978
Argonne Conference

Texas A&M
47 MeV

scattering
39 atm x 42 cm hydrogen
4 plastic scintillators

1983
Florence Conference

Berkeley
46 MeV

scattering
80 atm hydrogen
He ion chamber around target

1980
Santa Fe Conference

1985
Osaka Conference
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�1�4

�1.7�0.8

�4.6�2.6

�1.3�1.1

�1.63�1.03



Summary of pp Experiments

lab                  technical details        result (10-7)      where reported

SIN (PSI)
45 MeV

scattering
atomic beam source
100 atm  hydrogen
annular ion chamber

1974
 Phys Rev Lett

1987
Phys Rev Lett

Los Alamos
800 Mev

transmission
1 m liquid hydrogen
15% scattered
ion chambers

1986
Phys Rev Lett

Bonn
13.6 Mev

scattering
15 atm hydrogen
surrounding hydrogen
ion chambers

1991
Phys Lett B

1994
private communication

�3.2�1.1

�2.32�0.89

�1.50�0.22

1984
Phys Rev D

�2.4�1.1

�1.5�1.1

�0.93�0.21



Summary of pp Experiments

lab                  technical details         result (10-7)     where reported

TRIUMF
221 MeV

transmission
optically pumped source
40 cm liquid hydrogen
4% scattered
two ion chambers

2001
 Phys Rev Lett

Argonne ZGS
5130 MeV

transmission
81 cm distilled water
18% transmitted
ion chambers and
scintillators

1986
Phys Rev Lett

�0.84�0.34

�26.5�7.0



� Weak force carriers Z and W are heavy:  Mz = 91 GeV;  Mw = 80 GeV

� Range 
� c
m
�0.002 fm

� Meson description is often used: π     140 MeV   �     1.4 fm 
ρ      770 MeV       0.26 fm�
ω     780 MeV       0.25 fm�

f � , h�
0,1,2 , h�

0,1 , h�
' 1

� 6 constants:

For pp no π Usually ignored

�  Nothing heavier because of  ``hard core''

Interpretation of NN Parity Violation Experiments

�Task of parity experiments is to find these constants





How to fit the data



The TRIUMF Parity Experiment

Flip beam helicity
Look for small (2 x 10-9) changes
In transmitted current

)1( zziscat APSII +=
−+

−+

+
−=
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z P
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First Moments of Transverse Polarization

• Our PPMs measure <yPx> and <xPy>

• Beam optics are set to reduce sensitivity to first moments 





Corrections for Systematic Error

Property Average Value 107∆Az

Auncor.
z (10−7) 1.68 ± 0.29(stat.)

y ∗ Px(µm) −0.1 ± 0.0 −0.01 ± 0.01
x ∗ Py(µm) −0.1 ± 0.0 0.01 ± 0.03
〈yPx〉(µm) 1.1 ± 0.4 0.11 ± 0.01
〈xPy〉(µm) −2.1 ± 0.4 0.54 ± 0.06
∆I/I(ppm) 15 ± 1 0.19 ± 0.02
position+size 0 ± 0.10
∆E(meV ) 7–15 0.0 ± 0.12
Total 0.84 ± 0.17(syst.)

Acorr
z (10−7) 0.84 ± 0.29(stat.) ± 0.17(syst.)

χ2
ν(23sets) 1.08

1



Relation of Az to couplings

J.A. Carlson et al., Phys. Rev. C 65, 035505 (2002); R. Schiavilla, private communication (2001)

pppp
z hhA ωρ 075.0059.0 +=

pppp
z hhA ωρ 14.010.0 +=

pppp
z hhA ωρ 010.0038.0 +−=

)2(
6

1)1()0(
ρρρρ hhhh pp ++= )1()0(

ωωω hhh pp +=

pp Experiments measure the combinations:

and

In particular:

13.6 MeV

45 Mev

225 MeV



Bonn
13.6 MeV

TRIUMF E497
221 MeV

PSI
45 MeV

DDH reasonable
range

Constraints on Couplings
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1
πH

γA

1045.0 πγ HA −≈

is a clean measurement

of 

npdγ will provide better
statistical precision than
18F, and without many body 
and nuclear structure
uncertainties



np ! d! Experiments

Lab  technical details    result (10-8)   reported

Leningrad Unpolarized reactor
neutrons on water.
Measured Pγ

1818 ± Knyazkov 1984
Nuclear Physics A

ILL
Grenoble

Polarized neutrons on
liquid parahydrogen
Liquid scintillator tanks
Measured Aγ

216 ±

8.45.1 ±−

Cavaignac 1977
Phys Lett B

Alberi 1988
Can. J. Phys

LANSCE
Los Alamos

Polarized pulsed
neutrons on liquid
parahydrogen
CsI(Tl) detectors
will measure Aγ

5.0?±

expect 5.05 ±−≈
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Apparatusn p d γ+ → +
r

85 10Aγ
−≈ − ×Expect:

Current mode detection

Helium 3 spin polarizer

Front
Monitors

Back MonitorRole of beam monitors:
1. normalization;  2. 3He polarization;  3.  target para H2 fraction



n+p->d+γ Experiment Layout
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Pulsed neutron beam

• >15 meV – no asymmetry due to ortho/para spin flip – measure background

• <1.5 meV– chopper cuts off these n to prevent overlap – check noise

• Aγ is independent of energy
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Start of pulse

Aluminum Bragg edges

Sensitivity and intrinsic noise confirmed as predicted

LND 27527

Test Run 2001 – Prototype Monitor



��� ���� ���	�


������� ��	��
� � �� ������ ����� ���������
��� �� ������
� ���
������
�� ��������
��

������
 ���	 �� ��������� �� �����
� �������

��� �����  
���������� ���
 
�����
� ���������

!��� "### $��� ��
% ��� �����������
 � "&�'(

�� � �����������
 � )#�*#( �� "�+# 	�,

�-.$ ����� ��� ��������� ����� ��
��� ����%

+" �	 ����� $� � '## �� � '#( ��� ����



����� ���	
��� ���� �������

�� � �� �����	
� ���� ���� � �������	 ��

�����	
� ��� 	� ������� 	�� ���	��� ��
� �� �

Neutron 
Beam

B0

B1 cos ωt
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Summary

pp and np parity violation experiments permit study of the hadronic, ∆s = 0 
part of the weak interaction.

np ! dγ sensitive to long range part – measure f"
New precision experiment under construction at Los Alamos

pp ! pp sensitive to shorter range part – measure and 
low energy measurements, plus the recent TRIUMF 221 MeV
measurement have constrained and 

The data so far are not enough to determine all the couplings.

“errors using inadequate data are much less than those using no data at all” -
-- Charles Babbage.

pphρ

pphρ

pphω

pphω




